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Serratia marcescens is a well-known cause of nosocomial infections and outbreaks, particularly in critically
ill neonates and immunocompromised patients. Numerous methods have been proposed for typing. We used
pulsed-field gel electrophoresis (PFGE) typing to analyze an outbreak in a neonatal intensive care unit (NICU).
We included 23 patient isolates from an outbreak (March to July 1995), and 10 patient isolates from different
wards during the same time period. PFGE of whole-cell DNA digested by SpeI was used as a marker of strain
identity. The most common presentation of the infection was sepsis in 18 of 23 (78%) neonates. Only four
different biotypes were identified; biotype A8d accounted for 84% of the strains. PFGE typing revealed two
clones responsible for two different clonal strain dissemination outbreaks from March to July, with 24 patient
isolates being pattern A and 4 patient isolates being pattern E. PFGE typing suggests cross transmission
between patients in the NICU and other wards. The isolates from 5 other patients showed distinct PFGE
patterns. Extensive investigation and cultures failed to identify any environmental or staff reservoir of S.
marcescens. This is one of the first reports applying PFGE to the study of S. marcescens, and this method was
a useful marker of strain identity. PFGE typing distinguished strains which appeared to be the same by
biotyping.

Serratia marcescens has been implicated in many types of
nosocomial infection (1). Outbreaks of S. marcescens have
been frequently reported (19, 20, 22, 24). Studies from the
1970s suggested that neonatal colonization and infection were
rare events; however, from 1981 to 1995 the number of publi-
cations that document epidemics of S. marcescens infections in
neonatal intensive care units (NICU) has increased (8, 11, 16,
21, 25, 26). Environmental sources of S. marcescens in the
hospital are widely described (1, 5, 19, 22). This microorganism
has a predilection for a moist environment. Some of the envi-
ronmental sources mentioned previously have been sponges,
fiberoptic bronchoscopes, adhesive tape, distilled water, plastic
caps of saline bottles, catheters, floors, inhalation therapy
equipment, electrocardiogram bulbs, transducers, intravenous
solutions, irrigating fluids, hand lotions, shaving brushes and
soap, sink traps, and flowers and plants (1, 19, 20, 22, 24). In
neonates, colonized symptom-free patients have been de-
scribed as an important reservoir (8, 18). Multiple resistance of
S. marcescens to antibiotics causes a problem in treating in-
fected patients and controlling outbreaks (5, 7, 19).
Studies of epidemiological markers are important in an at-

tempt to trace the source of contamination or to prevent pa-
tient to patient dissemination of strains. Numerous methods
have been proposed to type S. marcescens for epidemiological

purposes: antibiograms, biotyping, serotyping, phage typing,
bacteriocin typing, plasmid analysis, DNA restriction endonu-
clease analysis, ribotyping, and PCR. The molecular typing
techniques are preferred in differentiating strains for epidemi-
ological studies (2, 3, 14). The other techniques cannot dis-
criminate between strains, or they are either lengthy and labor-
intensive or available through only a few reference laboratories
(6, 15, 19). We used pulsed-field gel electrophoresis (PFGE) of
whole-cell DNA digested with SpeI to analyze an outbreak in
an NICU.

MATERIALS AND METHODS

Background. The Pediatric Hospital, National Medical Center (NMC) in
Mexico City, Mexico, is a 200-bed tertiary care center opened in 1992. The NICU
has 16 beds admitting critically ill neonates. When they no longer require inten-
sive care, they are transferred to the Department of Infants in the same floor.
Twenty-three patient isolates from an outbreak (March to July 1995) in the
NICU and 10 patient isolates from different wards during the same time period
were analyzed in this study. A patient was considered to have a severe infection
if clinical signs of sepsis, pneumonia, and/or meningitis were present.
Before this outbreak, only 5 patients in the Pediatric Hospital (NMC) had

infection due to S. marcescens (May 1992 to February 1995). During this epi-
demic, the most common presentation of infection in the neonates was sepsis in
18 of 23 (78%). Seven of these patients died (30% mortality), and patients from
the other wards presented with catheter-related bacteremia (50%) and abdom-
inal sepsis (20%) (pancreatic abscess, complicated apendicitis, necrotizing en-
terocolitis). None of the patients in other wards died.
Bacterial isolates. Twenty-three isolates were from blood, five were from

catheter tips, three were from peritoneal fluid, one was from pleural fluid, and
one was from an abdominal abscess. The clinical isolates were identified as S.
marcescens by VITEK (Bio-Merieux, Hazelwood, Mo.). The biochemical profile
number were also noted. Susceptibilities of the microorganisms to antimicrobial
agents were determined by agar diffusion according to the procedures suggested
by the National Committee for Clinical Laboratory Standards (17). The antimi-
crobial agents included were ampicillin, gentamicin, amikacin, netilmicin, isepa-
micin, chloramphenicol, cefotaxime, cefepime, ceftazidime, aztreonam, imi-
penem, pefloxacin, and trimethoprim/sulfamethoxazole.
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Environmental samples were taken from incubators, humidifiers, suction jars,
antiseptics, soap, irrigation fluids, distilled water, inhalation therapy equipment,
intravenous solutions, sinks, and stethoscopes. Hand cultures were taken from
members of the staff on several occasions by means of a damp cotton swab, which
was rubbed over both hands. All the samples were incubated overnight in brain
heart infusion (BHI) broth at 378C and subcultured on MacConkey agar.
Biotyping and biogrouping. Biotyping and biogrouping were performed ac-

cording to the method of Grimont and Grimont (9, 10), including carbon source
utilization tests (m-erythritol, trigonelline, quinate, 3-hydroxybenzoate, 4-hy-
drozybenzoate, benzoic acid, DL-carnitine, D-rhamnose, lactose, adonitol, L-ar-
abinose, D-sorbitol), tetrathionate reduction, and prodigiosine production. A
biogroup is formed by strains of closely related biotypes.
PFGE typing. A single colony from an 18- to 24-h subculture plate was

inoculated into a tube containing 5 ml of BHI broth and incubated without
shaking overnight at 378C. These tubes were then centrifuged at 4,000 3 g for 20
min; then the supernatant was removed and the pellets were resuspended in 2 ml
of PIV buffer (1.0 M Tris [base], 1.0 M NaCl, pH 7.6) and allowed to equilibrate
to 508C, after which 2 ml of 1.6% low-melting-point agarose (Boehringer Mann-
heim, Indianapolis, Ind.) at 508C was added to each cell suspension and the
mixture was pipetted into Bio-Rad (Richmond, Calif.) plug molds and refriger-
ated at 48C for 45 min. Plugs were removed and incubated in 5 ml of lysis buffer
(1.0 M Tris, 1.0 M NaCl, 100 mM EDTA, 0.5% Brij 58, 0.2% deoxycholate, 0.5%
Na lauroyl sarcosine, 50 mg of ribonuclease A [Sigma, St. Louis, Mo.] per ml, and
1 mg of lysozyme [Sigma] [pH 7.6] per ml) overnight at 378C. Then the lysis
buffer was replaced by ESP buffer (0.4 M EDTA, 1% sodium lauroyl sarcosine
[pH 9.0] and 0.5 mg of proteinase K [Sigma] per ml) and the plugs were
incubated for 24 h at 508C. Plugs were washed once with 13 TE at 378C (5 mM
Tris, 5 mM EDTA [pH 7.5]) containing 1 mM phenylmethylsulfonyl fluoride and
three times with 0.13 TE, each change for at least 30 min. For restriction
endonuclease digestion, plug slices were equilibrated in 300 ml of the appropriate
13 restriction endonuclease buffer for 2 to 3 h at room temperature, after which
30 U of SpeI (Boehringer Mannheim) were added and the mixture was incubated
at the manufacturer-suggested incubation temperature. Plug slices were then
loaded into and run on a 0.8% PFGE agarose gel in 13 TBE buffer (0.089 M Tris
[base], 0.089 M borate, 2.5 mM disodium EDTA) (ICN Biomedicals, Aurora,
Ohio). PFGE was performed with a CHEF-DRII system (Bio-Rad). The pulse
time was 5 to 60 s over 15 h to 17 h at 200 V. Lambda concatemers (Bio-Rad)
were used as the size standard. Gels were stained for 20 min in 1 mg of ethidium
bromide per ml, decolorized in distilled water for 10 min, and photographed by
filtered UV illumination.
Based on recent guidelines, isolates were considered to be the same strain if

their PFGE patterns were identical. An isolate was considered to be a closely
related strain if the PFGE pattern differed from the outbreak pattern by two or
three bands. An isolate was considered to be possibly related if its PFGE pattern
differs from the outbreak pattern by four to six bands. An isolate was considered
distinct if the isolate differed from the outbreak pattern by seven or more bands
(23).

RESULTS

Five different biochemical profiles were identified by using
the Vitek system. Based on the biotyping/biogrouping system,
four different biotypes were identified, with A8d being the
most common (84.8%); others were A6a (9%), A2a (3%), and
ND2 (3%). The three biogroups noted were A5/8 (84.8%), A8c
(12%), and A2/6 (3%) (see Table 2).
All the isolates were resistant to aztreonam, trimethoprim/

sulfamethoxazole, and ampicillin; 100% were susceptible to
isepamicin, 97% were susceptible to amikacin, 90% were sus-
ceptible to pefloxacin, 87% were susceptible to imipenem, 72%
were susceptible to cefotaxime, and cefepime, 55% were sus-
ceptible to chloramphenicol, 51% were susceptible to ceftazi-
dime, 25% were susceptible to netilmicin, and 22% were sus-
ceptible to gentamicin. We did not find a characteristic
susceptibility pattern, and in comparison with the results by
biotyping and PFGE typing there was no correlation between
the biotypes, the PFGE patterns, and the susceptibility profiles
(Table 1).
By PFGE typing, 24 patients had the same strain (pattern

A), and this clone was responsible for the outbreak from
March to July (Fig. 1), suggesting cross-transmission between
patients in the NICU (20 patients) and other wards (4 pa-
tients). A separate clone (pattern E, E1, E2) was responsible
for infection in four other patients (two in the NICU and two

on other wards). The isolates from five other patients showed
distinct patterns (patterns B, C, D, F, G) (Fig. 2).
Table 2 illustrates the distribution of the PFGE patterns

during March to July, as well as the location of the patients,
site of infection, biochemical profile, biotype, biogroup, and
date of isolation. Extensive investigation and cultures failed to
identify any environmental or staff reservoir of S. marcescens.
During the outbreak a number of control measures were

introduced. Strict hand washing by personnel between their
handling of patients was stressed. Attempts were made to
group infected and noninfected patients by cohort. Nurses
were encouraged to wear gloves when suctioning and during
any catheter manipulation of the patients.

DISCUSSION

Severe illness due to S. marcescens is generally seen in im-
munocompromised patients. In newborns these organisms can
be responsible for sepsis and meningitis, which have a high
case fatality rate (5). Before this outbreak S. marcescens infec-
tions were rarely seen at the Pediatric Hospital, even though
60% of the admitted patients are immunocompromised (pa-
tients with underlying diseases such as cancer, AIDS, and ne-
phrotic syndrome, etc.).
The index case (patient 1) was transferred from another

FIG. 1. PFGE of whole-cell DNA from S. marcescens isolates digested with
SpeI. The pulse time was 5 to 60 s over 17 h at 200 V. The PFGE patterns in lanes
1 to 9 are the same pattern (A), suggesting a common strain during the outbreak
(March to July 1995) in patients 1, 3, 4, 5, 6, 9, 12, 27, and 29.

TABLE 1. Antimicrobial susceptibility testing of S. marcescens

Agent No. (%) of
resistant isolates

Aztreonam ............................................................................... 33 (100)
Trimethoprim/sulfamethoxazole............................................ 33 (100)
Ampicillin................................................................................. 33 (100)
Gentamicin............................................................................... 26 (78.7)
Netilmicin................................................................................. 25 (75.5)
Ceftazidime.............................................................................. 16 (49)
Chloramphenicol ..................................................................... 15 (45.4)
Cefepime .................................................................................. 9 (28)
Cefotaxime............................................................................... 9 (28)
Imipenem ................................................................................. 4 (13)
Pefloxacin ................................................................................. 3 (10)
Amikacin .................................................................................. 1 (3)
Isepamicin ................................................................................ 0 (0)
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hospital, and S. marcescens was isolated from cultures taken
upon admission. Most of the infections in the neonates were
severe, while infections of patients from the other wards were
related to intravascular devices or a previous abdominal prob-
lem.

A great variety of typing methods have been applied to the
study of infections due to S. marcescens. Some clinical bacte-
riologists have attempted to use API20E or VITEK numerical
profiles as epidemiological tools. Unfortunately, although they
are satisfactory systems for species identification, reproducibil-
ity of the numerical profile biotype for enterics showed that
only 56% of the strains gave identical biotypes when testing
was repeated (14, 19). The biochemical profile numbers found
in this study did not correlate with the results by PFGE typing.
Strains with the same biochemical profile number had a dis-
tinct pattern by PFGE, and also strains with distinct pattern
showed the same biochemical profile number. Similar findings
have been pointed out by other authors (1, 12), and it has been
proposed not to use biotyping to differentiate strains from the
same hospital.
Even though a biotyping system by Grimont and Grimont (9,

10) has been described as a useful epidemiological method for
typing S. marcescens, the results are contradictory among dif-
ferent authors, who have compared this method with serotype,
bacteriocin type, ribotyping (2), DNA restriction endonuclease
analysis (3, 15), and polyacrylamide gel electrophoresis (13).
Biotyping is lengthy and labor-intensive, and the reproducibil-
ity and discriminatory power are poor, even though it is an easy
method to perform. In this study biotyping failed to distinguish
correctly five strains that had a PFGE pattern distinct from
that of the outbreak strain.
Molecular typing methods have been used more recently.

Ribotyping (2, 4), PCR fingerprinting (14), and DNA typing by

FIG. 2. PFGE of whole-cell DNA from S. marcescens isolates digested with
SpeI. The pulse time was 5 to 60 s over 15 h at 200 V. Lane 2 shows the PFGE
pattern of the outbreak strain (pattern A, patient 1). Lanes 3 to 6 show distinct
PFGE patterns (B, C, D, F) from patients 8, 16, 19, and 21, respectively. Lanes
7 to 9 show the PFGE patterns E, E1, and E2 from patients 22, 26, and 31,
respectively. Lambda ladder size standard is shown in lane 1.

TABLE 2. Location of the patients, site of infection, and characteristics of S. marcescens isolates during the outbreak

Patient no. Location Infection PFGE
pattern Biotype Biogroup Date of isolation

(mo/day/yr)

1 NICU Sepsis A A8d A5/8 03/03/95
2 NICU Sepsis A A8d A5/8 03/06/95
3 NICU Catheter-related bacteremia A A8d A5/8 03/07/95
4 4th floor Catheter-related bacteremia A A6a A2/6 03/09/95
5 NICU Catheter-related bacteremia A A8d A5/8 03/13/95
6 NICU Sepsis/meningitis A A8d A5/8 03/20/95
7 NICU Sepsis/meningitis A A8d A5/8 05/19/95
8 3rd floor Catheter-related bacteremia B ND2 A8/c 05/24/95
9 3rd floor Abdominal sepsis A A8d A5/8 05/02/95
10 NICU Sepsis A A8d A5/8 05/15/95
11 NICU Sepsis A A8d A5/8 05/16/95
12 4th floor Sepsis A A8d A5/8 05/18/95
13 NICU Sepsis A A8d A5/8 05/25/95
14 NICU Catheter-related bacteremia A A8d A5/8 05/28/95
15 NICU Sepsis A A8d A5/8 06/08/95
16 PICUa Sepsis C A2a A2/6 06/15/95
17 NICU Sepsis A A8d A5/8 06/16/95
18 NICU Sepsis A A8d A5/8 06/22/95
19 5th floor Catheter-related bacteremia D A8d A5/8 06/22/95
20 NICU Sepsis A A8d A5/8 06/28/95
21 5th floor Abdominal sepsis F A6a A2/6 06/27/95
22 NICU Sepsis E A8d A5/8 06/27/95
23 NICU Sepsis A A8d A5/8 06/24/95
24 NICU Sepsis A A8d A5/8 06/23/95
25 4th floor Catheter-related bacteremia E A8d A5/8 07/03/95
26 PICU Pneumonia E1 A6a A2/6 07/06/95
27 NICU Sepsis A A8d A5/8 07/06/95
28 NICU Sepsis A A8d A5/8 07/08/95
29 NICU Sepsis A A8d A5/8 07/24/95
30 NICU Sepsis G A8d A5/8 07/25/95
31 NICU Abdominal sepsis E2 A8d A5/8 07/17/95
32 4th floor Catheter-related bacteremia A A8d A5/8 07/05/95
33 NICU Abdominal sepsis A A8d A5/8 07/26/95

a PICU, Pediatric intensive care unit.
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restriction endonuclease analysis (3, 15) have been considered
optimal methods for differentiation of strains in epidemiolog-
ical investigation. A single method may be used alone for this
purpose, but none of them has been adopted universally. Ri-
botyping is slower and more labor-intensive and involves work-
ing with probes, PCR is a rapid method but requires develop-
ment of primers for each organism and expensive start-up
equipment, and the complex banding patterns produced by
restriction endonuclease analysis are difficult to interpret.
PFGE of whole-cell DNA digested with restriction endo-

nucleases is a relatively rapid and very reproducible reliable
method that can be used to type a broader array of bacterial
species (23). To our knowledge this is one of the first reports
of applying PFGE typing to the study of S. marcescens. In our
study it demonstrated cross-transmission between patients in
the NICU and other wards. It seems that two different strains
were responsible for two outbreaks, one from March to July
(pattern A, 24 patients) and the other during June and July
(pattern E, 4 patients). Five other patients were infected by
distinct strains. Biotyping and susceptibility profile did not
successfully distinguish distinct strains.
The environmental investigation failed to identify a source

of S. marcescens from surfaces, water, solutions, ventilation
systems, stethoscopes, or hands of the staff. The most likely
reservoir for the epidemic in the NICU was the gastrointestinal
tract of infants, as has been reported before (16, 18). Transient
contamination of hands of personnel has been suggested as
playing an important part in transmission of S. marcescens in
newborns infants (5) and we believe that this, as well as the
patients being transferred from the NICU to the fourth floor
ward, could have contributed to the dissemination of the
strains within the hospital. PFGE typing results were useful in
education of the staff regarding cross transmission, to avoid
ongoing spread of the organism.
In conclusion, PFGE typing of whole-cell DNA is useful to

study outbreaks of S. marcescens. PFGE typing was useful in
distinguishing strains which appeared to be the same by bio-
typing and biogrouping. Results facilitated prompt evaluation
of the outbreak so that effective preventive measures could be
instituted.
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